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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 



1. A method for the automated optimization! of an injection 
molding machine set-up process, said machine for 
manufacturing injection molded parts, including the steps 
of: 

(1) manufacturing one or more parts with said machine; 

(2) inspecting said parts for defects; 

(3) reducing injection stroke/in response to flashing 
or increasing injection stroke in/response to short shots; 
and 

(4) reducing injection velocity in response to 
flashing or increasing injectifon velocity in response to 
short shots, wherein either slep (4) is employed after step 
(3) if step (3) is found to /have substantially no effect or 
substantially no further e/fect, or step (3) is employed 
after step (4) if step {4/ is found to have substantially 
no effect or substantially no further effect, thereby 
reducing said defects 



2. A method for the automated optimization of an injection 
molding machine set-up process, said machine for 
manufacturing injection molded parts and including an 
injection screw and a configurable injection velocity, 
including the steps of: 

(1) manufacturing affleXof more parts with said machine; 

(2) determining ail /injection pressure profile by 
measuring injection pressure as a function of elapsed 
injection time with said machine configured with a 
substantially constant!, desired injection velocity; 

(3) measuring injection velocity as a function of 
elapsed injection time and determining a profile of said 
measured inject ion /velocity; 
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(ii) performing at Infest a partial injection 
cycle; 

(iii) measuring a pressure stroke being the change 
in displacement ox said screw between packing time 
and said holding /time; 

(iv) incrementing said holding time; 

(v) repeating steps (iii) and (iv) until said 
pressure strode stabilizes or a part so produced 
is acceptable 

(vi) defining a linear relationship between screw 
displacement and time consistent with screw 
displacement at said packing time and at said 
holding tfime, between said packing time and said 
holding /time; 

(vii) defining a gate freeze time as a time of 
maximum difference between said screw displacement 
and said linear relationship, thereby providing a 
value for said gate freeze time from measurements 
of said screw displacement; 

(6) modrifying a post-pressure control phase 
preliminary set-up obtained after (1) to (5) in 
response to defects detected in said parts 
manufactured with said preliminary set-up to reduce 
said/ defects . 

4. 

-3^rt A method as claimed in claim ^53^ wherein step (iii) of 
step (4) includes determining kickback from measurements of 
said screw displacement at packing time, including the 
steps of: 

(a) manufacturing one or more parts with said machine; 

(b) defining as a first pressure the end of velocity 
control phase pressure and as a second pressure the holding 
time pressure; 
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(c) defining a linear relationship between 
packing/holding pressure and time consistent with said 
first pressure and said second pressure, between said first 
pressure and said second pressure; 

(d) defining said packing time as a time of maximum 
difference between measured melt pressure and said linear 
relationship, or as the switchover point if measured melt 
pressure increases after the switchover point; 

(e) determining a first screw displacement being the 
minimum displacement of said screw before said packing time 
within a packing/holding phase and a second screw 
displacement being the displacement of said screw at said 
packing time; and 

(f) calculating said kickback from the difference 
between said first and second screw displacements, thereby 
allowing a determination of said kickback from measurements 
of said screw displacement at packing time. 



A method as claimed in oithea? claim _>3--*<»?--3-4=j wherein 
step (5) includes the additional steps of: 

(viii) repeating steps (vi) and (vii), and defining an 
initial solidification time between said packing time and 
said gate freeze time; 

(ix) repeating steps (vi) and (vii), and defining an 
intermediate solidification time between said packing time 
and said initial solidification time; and 

(x) determining an intermediate pressure from the 
ratio of the screw displacements at said intermediate time 
and at said gate freeze time, referenced to said packing 
time . 

6_ - _ ^blcCAAW^ i / 

. A method as claimed xxy my umi ref ttha procoding 

«laims-y including: 
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determining said machine's velocity control response 
time, and 

employing time steps equal t.c/ of greater than said 
re spons e t ime . 

3. ' 2.. 

JZrT* A method as claimed in claim J&fT, wherein said time 
steps are greater than 1.5 times said response time, and 
more preferably equal to 2 times said response time. 

8. A method as claimed in may one o f tho-pgecediug * 
claims, wherein nozzle melt pressure, injection cylinder 
hydraulic pressure, forward propelling force applied to 
said screw, or any other measure proportional to or equal 
to said nozzle melt pressure, is u&j^d as a measure of, in 
place of, or to determine, injection pressure. 

39. A method as claimed in claim 38, wherein said 
injection cylinder hydraulic/pressure is used as a measure 
of or to determine said infection pressure. 
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(4) defining a mean pressure profile from a^ld 
pressure profile in a regime of subs tantiallyyconst ant 
measured injection velocity profile; 

(5) adjusting said velocity profile q^er at least a 
portion of an injection velocity phase ill response to said 
pressure profile to reduce differences yfeetween said 
pressure profile and said mean pressure profile, thereby 
tending to lessen irregularities in ySaid pressure profile* 

3, A method as claimed in claim wherein step (5) is 
performed only in said regime* 



4. A method as claims 
steps (1) and (2) are 
obtain a plurality of m< 
profile and said injecti 
from a mean of said mea 



in 



epeat 



LSU 



claim 2 xm 3; wherein 
r d a plurality of times to 
ements of injection pressure 
pressure profile is determined 
inents . 



5. A method as claimed yin any ono of - claims 2 &o 4 ' , wherein 
steps (1) to (5) are ^e^tea*ed a plurality of times, thereby 
progressively refining said velocity profile. 

6 . A method as claimed in a ny o n e of claim^ 2 Jto 5 , 
wherein step (5) comprises increasing said injection 
velocity where s^id pressure profile is less than said mean 
pressure profily4, and decreasing said injection velocity 
where said pressure profile is greater than said mean 
pressure profile. 



7 . A method as claimed in uny o ne u£ claimp 2 - to &, 
wherein sarid mean pressure profile is linear. 

8 • A method as claimed in any one of~ claim^ 2 - to G' , 
whereiry said pressure profile is in the form of a 
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derivative pressure profile, obtained by differentiating 
said pressure profile with respect to time. 

9. A method as claimed in any/ ono of claims' 2 Lu 0 , 
wherein said method includes yGetermining a relationship 
between the injection velocity and said pressure profile by 
perturbing said injection velocity about a predetermined 
velocity. 

10. A method as claimed/ in claim 9, wherein said 
relationship includes compensation for melt viscosity 
changes . 

11. A method; as claimed in claim 10, wherein said 
viscosity chariges in/lude viscosity changes owing to melt 
pressure and temperature changes . 

12. A method as Yl aimed in .a ny on e o f claim^ 9 .fee 13r, 
wherein said permutation of said injection velocity is by 
predetermined Ambunfts. 

13. A method a\clai\aed in claim 12, wherein said 
perturbation ojf. said injection velocity is by ±10% and/or 
±20%. 

14. A method as claimed in tiny ono of claima* 2 . to 13 , 
wherein said pressure profile is derived from hydraulic 
injection nressure. 

15. A metlhod as claimed in any ono ofi clain$ 2 .to 13 , 
wherein s^id pressure profile is derived from melt flow 
pressure 



16. A Method as claimed in -aay- ene of claim^ 2 .be— £5, 
wherein/ said method includes determining a viscosity model 
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by performing a material test of 
material • 



injection melt 



3 3 
•say 



10 



15 



20 



25 



30 



17* A method for the automatety optimization of an 
injection molding machine set-^ip process, said machine for 
manufacturing injection molded parts and including an 
injection screw and a configurable injection velocity, said 
screw having a displacement, including the steps of: 

(1) manufacturing oxje or more parts with said machine; 

(2) defining as a fftrst pressure the end of velocity 
control phase pressure /and as a second pressure the holding 
time pressure; 

(3) defining a linear relationship between 
packing/holding pressure and time consistent with said 



first pressu 
pressure and 

(4) defini: 
difference be 
re 1 a t i ons hip , 
pressure incr 

(5) det 
disp/ 



e and> 



idV 



r a£ 



ases al 



said second pressure, between said first 
second pressure; 

said packing time as a time of maximum 
measured melt pressure and said linear 
the switchover point if measured melt 
Eter the switchover point; 
a first screw displacement being the 
minimum displacement of said screw before said packing time 
within a packing/holding phase and a second screw 
displacemexyt being the displacement of said screw at said 
packing tifre; and 

(6) Calculating said kickback from the difference 
between said first and second screw displacements, thereby 
allowing a determination of said kickback from measurements 
of sai<y screw displacement at packing time, 

18* H method for the automated optimization of an 
injection molding machine set-up process, said machine 
including an injection screw, including the steps of: 
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(1) setting an initial packing/holding pressure to a 
default low pressure; 

(2) performing at least a partial injection cycle; 

(3) determining kickback from changes in screw 
displacement during said at l/ast partial injection cycle; 

(4) incrementing said initial packing/holding 
pressure; and 

(5) repeating steps (i) and (4) if kickback is 
unacceptably high until k/ckback is reduced to a 
predetermined acceptable/level, or initial packing/holding 
pressure reaches maximum machine pressure . 

19. A method as claimed in claim 18, wherein said initial 
packing/holding^pressure is between 5% and 25% of end of 
velocity control >phafee pressure, and a substantially 
uniform packing pressure is used. 

20. A method a.a/ dla.£^&€L in claim 19, wherein said initial 
packing/holding WreesuAe is approximately 10% of end of 
velocity control? phasjer pressure . 

21. A method is claimed in any one o f claim^ 18 to 20, 
wherein said ifcitial packing/holding pressure is 
incremented bjr between 2% and 25% of said end of velocity 
control phase pressure. 

22. A method as claimed in claim 21, wherein said initial 
packing/hol/ding pressure is incremented by approximately 5% 
of said end of velocity control phase pressure. 

23. A method as claimed in . any o ne o f claims' 18 to 22; 
including measuring kickback for a plurality of initial 
packings/holding pressures, predicting an optimum initial 
packing/holding pressure from said measurements to minimize 
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kickback, and incrementing^ said initial packing/holding 
pressure to said optimum/initial packing/holding pressure. 



a 



24. A method for the automated optimization of an 
injection molding machine set-up process, said machine for 
manufacturing injection molded parts and including an 
injection screw, including the steps of: 

(1) defining a folding time equal to a predetermined 
default value; 

10 (2) performing / at least a partial injection cycle; 

(3) measuring jb pressure stroke being the change in 
displacement of sa^d screw between packing time and said 
holding time; 

(4) incrementing said holding time; 
15 (5) repeatXz^b steps (3) and (4) until said pressure 

stroke stabilize^vpr a part so produced is acceptable; 

linear relationship between screw 

consistent with screw displacement at 
te and/\at said holding time, between said 
2 0 packing time and said holding time; 

(7) definfing a gate freeze time as a time of maximum 
difference between said screw displacement and said linear 
relationship,/ thereby providing a value for said gate 
freeze time f/rom measurements of said screw displacement . 

25. A method as claimed in claim 24, including the 
additional ^teps of: 

(8) repeating steps (6) and (7), and defining an 
initial solidification time between said packing time and 

30 said gate /freeze time; 

(9) Repeating steps (6) and (7), and defining an 
intermediate solidification time between said packing time 
and said/ initial solidification time; and 



25 



(6) defini; 
displacement 
said packing t: 
packing time 
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(10) determining an intermediate pressure from the 
ratio of the screw displacements at said intermediate time 
and at said gate freeze ^fcime, referenced to said packing 
time. 

26. A method as claimed in ,e±«*e* claim 24 «r-W, wherein 
the value of said holding time employed in step (6) is 
greater than that defined in step (1) by a factor of 
between 1 and 3 . 

2!7. A method as claimed in any une o JI claimj/ 24 to 2G, 
wherein said predetermined default value is the greater of 
2 times injec\iori time and one second. 

28. A method aj&A^laimed in away one of claim^ 24 -fee 2 7 , 
wherein said f/yabi\ization occurs when said pressure stroke 
changes by ledfe thaAa predetermined tolerance between 
successive med W^Hfents . 

29. A method as claimed in any one^ef* claim^ 24 -feo 20-, 
wherein said/ holding time is incremented in step (4) by 
between 5% afcid 50%. 

30. A mettod as claimed in claim 29, wherein said holding 
time is incremented in step (4) by approximately 20%. 

31. A metiiod as claimed in a ny on e ofe claimyf 24 -to 
wherein siid predetermined tolerance is between 2% and 10%. 

32. A mdthod as claimed in claim 31, wherein said 
predetermined tolerance is approximately 5%. 

33. A metho/A for the automated optimization of an 
injection nfolding machine set-up process, said machine for 
manufac toting injection molded parts and including an 
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injection screw and a configurable injection velocity, 
including the steps of: 

(1) determining an optimum fill including: 

(i) manufacturing/ one or more parts with said 
machine ; 

(ii) inspecting/said parts for defects; 

(iii) reducing /inject ion stroke in response to 
flashing or increasing injection stroke in 
response to short shots; and 

(iv) reducing injection velocity in response to 
flashing or increasing injection velocity in 
response tfo short shots, wherein either step (iv) 
is emp loved after step (iii) if step (iii) is 
found to/ have substantially no effect or 
substantially no further effect, or step (iii) is 
employed after step (iv) if step (iv) is found to 
have substantially no effect or substantially no 
further effect, thereby reducing said defects; 

(2) determining an optimum injection velocity profile, 
includii 

(i) /manufacturing one of more parts with said 
maqpiine ; 

(ii) determining an injection pressure profile by 
measuring injection pressure as a function of 
elapsed injection time with said machine 

Configured with a substantially constant, desired 
Injection velocity; 

/(iii) measuring injection velocity as a function 
| of elapsed injection time and determining a 
profile of said measured injection velocity; 
(iv) defining a mean pressure profile from said 
pressure profile in a regime of substantially 
constant measured injection velocity profile; 
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(v) adjusting said velocity profile over at least 
a portion of an inject ionT velocity phase in 
response to said pressurfe profile to reduce 
differences between said pressure profile and said 
mean pressure profile,/ thereby tending to lessen 
irregularities in said pressure profile. 

(3) modifying a post -velocity control phase 
intermediate set-up obtained after steps (1) and (2) 
in response to quality/def ects detected in said parts 
manufactured with said intermediate set-up to reduce 
said defects; / 

(4) a method of reducing kickback to an acceptable 
level to determine /a critical packing/holding 
pressure, including: 

(i) setting eh initial packing/holding pressure to 
a default law pressure; 

(ii) performing at least a partial injection 
cycle; / 

(iii) determining kickback from changes in screw 
displacement during said at least partial 
injection cycle; 

(iv) incrementing said initial packing/holding 
pressure; and 

(v) repeating steps (iii) and (iv) if kickback is 
unacofeptably high until kickback is reduced to a 
predetermined acceptable level, or initial 
packing/holding pressure reaches maximum machine 
prWssure ♦ 

(5) deducing material solidification time from 
measurements of screw displacement to determine an 
optimkl packing/holding pressure profile, including: 
li) defining a holding time equal to a 
/predetermined default value; 



